To investigate whether age 14 to 19 years and nulliparity are associated with expulsion of levonorgestrel and copper intrauterine devices (IUDs).
10.2 per 100 IUD users and did not vary by IUD type (levonorgestrel IUD 10.1 compared with copper IUD 10.7, P5.99). In the bivariate analysis, multiple characteristics including age, nulliparity, immediate postabortion insertion, and heavy menses were associated with expulsion. The cumulative rate of expulsion was lower in nulliparous women compared with parous women (8.4 compared with 11.4; P,.001) and higher in females aged 14 to 19 compared with older women (18.8 compared with 9.3; P,.001). After adjusting for confounders and stratifying by IUD type, the hazard ratio of expulsion for females aged 14 to 19 years was 2.26 (95% confidence interval [CI] 1.68-3.06) for the levonorgestrel IUD and 3.06 (95% CI 1.75-5.33) for the copper IUD. Compared to parous levonorgestrel IUD users, expulsion was lower for nulliparous levonorgestrel IUD users (adjusted hazard ratio 0.59, 95% CI 0.44-0.78).
CONCLUSION: IUD expulsions were not increased in nulliparous females. More expulsions were observed in females aged 14 to 19 compared with older women regardless of parity or IUD type. 
LEVEL OF EVIDENCE: II

I
ncreased use of the intrauterine device (IUD) has the potential to reduce unintended pregnancy. 1 The IUDs have numerous advantages, including high rates of effectiveness, safety, and long duration of use. 2, 3 First-year expulsion rates of the IUD are commonly quoted as 2% to 10% and vary by IUD type. [4] [5] [6] [7] A large randomized trial of parous women aged 18 to 38 assigned to the 20-mcg-releasing levonorgestrel intrauterine system or the copper T380Ag IUD observed the highest rates of expulsion during the first year of use (6.3 compared with 5.6/100 women, respectively). 5 Over the 5 year study period, the cumulative rate of expulsion was higher with the levonorgestrel IUD compared to the copper T380Ag (11.8 and 7.4 per 100 users, respectively).
Previously described risk factors for expulsion include age younger than 20 years, nulliparity, dysmenorrhea, menorrhagia, and immediate postabortion or postpartum placement. 4, [8] [9] [10] A systematic review of copper IUD use by nulliparous women found that nulliparity was associated with an increased risk of expulsion. 7 Several other studies have found no increase in the risk of expulsion in nulliparous compared with parous women. 6, 11, 12 Multiple studies have demonstrated an increased risk of expulsion in adolescents, although most have been limited by a small sample size. 8, [12] [13] [14] The objective of this analysis was to measure cumulative expulsion rates of users of the levonorgestrel IUD (20 mcg/day) and the copper IUD (T380A), and to investigate whether adolescent age (14-19 years) and nulliparity were associated with higher rates of expulsion. 
MATERIALS AND METHODS
This study was a planned secondary analysis of the Contraceptive CHOICE Project. The CHOICE Project was a prospective cohort study of 9,256 adolescents and women who were provided with the reversible contraceptive method of choice at no cost. The objectives of the CHOICE Project were to reduce unintended pregnancy by promoting the use of long-acting reversible contraceptive methods. The methods of this study have been described in detail previously. 15 Adolescents and women were enrolled between August 2007 and September 2011, and they were eligible to participate if they were 14 to 45 years of age, resided in St. Louis City or County, had been sexually active with a male partner in the past 6 months or anticipated sexual activity in the next 6 months, had not had a tubal sterilization or hysterectomy, did not desire pregnancy in the next year, and were interested in starting a new reversible contraceptive method. Participants completed follow-up surveys by telephone at 3 and 6 months and every 6 months for the study duration (3 years for the first 5,090 participants, 2 years for the remaining cohort). Followup was completed by December 2013. We obtained approval from Washington University in St. Louis School of Medicine Human Research Protection Office before recruitment of participants.
Participants were eligible for inclusion in this analysis if they received a levonorgestrel or copper IUD at any time during study participation. Forty-four females who participated in a substudy investigating immediate postplacental IUD placement were excluded from this analysis, because expulsion rates after immediate postplacental IUD insertion have been shown to be as high as 24%. 10, 16 The outcome of interest was the initial expulsion that occurred-meaning the expulsion of the first IUD a participant received that occurred during the study period. Both partial and complete expulsions were included in the outcome. Data about IUD expulsion were collected by followup telephone surveys and other participant contact such as in-person visits to the study clinic or telephone calls to research staff. When the date of IUD expulsion was unknown or not reported, participants' charts were reviewed and consensus was reached on a range of possible dates when the expulsion could have occurred (T.M. and D.L.E.). The date of expulsion was then randomly imputed using this range.
We compared the baseline demographic and reproductive characteristics of IUD users by IUD, intrauterine device; CI, confidence interval; NA, not applicable; BMI, body mass index. n for subgroups may not add up to total N because of missing data. * P calculated using the log-rank test.
expulsion occurrence using the x 2 tests. Using the Kaplan-Meier survival function, we estimated rates of cumulative expulsion at 3, 6, 12, 24, and 36 months. Females were censored at the time of IUD removal or the date of last study contact. We then compared cumulative expulsions rates for selected baseline characteristics, including age 14 to 19 years and nulliparity (both measured at the time of study enrollment). We used the log-rank test to determine if there was a statistically significant difference in the overall rates. To investigate interactions between baseline covariates of interest, we conducted stratified analyses between IUD type, age group, and parity. We performed univariable and multivariable Cox proportional hazards regressions to estimate the hazards ratio (HR) for characteristics associated with expulsion. Given our a priori hypotheses and previous studies, we planned to include adolescent age, nulliparity, and immediate postabortion placement in our multivariable model, regardless of statistical significance. 9 All covariates that altered the HR for We performed a post hoc power calculation to ensure that we had an adequate sample size to detect a significant difference in expulsion rates. Based on previous studies, we assumed that there would be a two-fold increase in the HR of expulsion for both nulliparous females and females 14 to 19 years old (HR 2.0). Assuming a type 1 error of 0.05 and 80% power, we required a total of 65 expulsions to observe a statistically significant difference between groups. We had a total of 432 expulsions; therefore, we were powered to detect the difference in expulsion rates by age or by parity. When stratified by IUD types, we had 339 expulsions for the levonorgestrel IUD and 93 expulsions for the copper IUD; therefore, we also had an adequate sample to detect the two-fold difference in the stratified analysis.
RESULTS
There were 5,403 females who received an initial IUD through the CHOICE Project; 4,219 (78%) received a levonorgestrel IUD and 1,184 (22%) received a copper IUD. The mean follow-up time was 22.6611 months. There were 64 (1%) females who provided no follow-up data. These women were more likely to have a high school education or less, be separated, divorced, or widowed, have no insurance or public insurance, have higher parity, and have received an immediate postabortion IUD. There were 2,182 nulliparous females (40%) and 529 participants between 14 and 19 years of age (10%) in our cohort. Females aged 14 to 19 years were more likely to be nulliparous than parous There were a total of 432 initial expulsions for a cumulative expulsion rate of 10.2 per 100 IUD users over the course of the 36-month study period. Table 2 shows the cumulative expulsion rates for the study population overall as well as stratified by selected baseline characteristics. The expulsion rates were higher in parous women, women younger than 20 years of age, obese participants (body mass index 30 or higher), those who underwent an immediate postabortion insertion, and those with self-reported heavy menses; this was also true for cumulative expulsion rates at every time point. The rate of expulsion did not vary by IUD type. Figures 1  and 2 show the Kaplan-Meier curve for the cumulative probability of not having an expulsion for females aged 14 to 19 years compared with those aged 20 to 45 years and nulliparous compared with parous females.
When stratified by parity (Table 3) , the cumulative expulsion rate at 36 months was similar among nulliparous and parous females aged 14 to 19 years (18.7/100 compared with 18.9 respectively; P5.47). However, the 95% confidence intervals around these estimates are wide, likely reflecting the small number of participants included in the numerator and the denominator.
We found that IUD type acted as an effect modifier for the association of parity and expulsion. The rate of expulsion was lower among nulliparous levonorgestrel IUD users compared with parous users (6.9 compared with 12.2/100 users; P,.001). The rate of expulsion was higher among nulliparous copper IUD users compared with parous users (14.3 compared with 8.2), although this finding among copper IUD users did not reach statistical significance (P5.10). These results are shown in Table 4 . Similar proportions of nulliparous and parous females chose the copper IUD (22.6% compared with 21.5%).
In the univariable Cox proportional hazards regression analysis (Table 5) , multiple baseline characteristics were associated with an increased risk of expulsion, including age 14 to 19 years, black race, obesity, high school education, public insurance, low socioeconomic status, self-reported heavy menses, and immediate postabortion insertion. Having a college education, being married or living with a partner, and nulliparity were associated with a decreased risk 24 . Heavy periods were also associated with an increased risk of expulsion among users of both types of IUDs. Nulliparity was associated with a reduction in expulsion among levonorgestrel IUD users, but not among copper IUD users. Black race was associated with a slight increase in the risk of expulsion among levonorgestrel IUD users but not copper IUD users.
DISCUSSION
This analysis describes the cumulative 36-month rates of expulsion of the two most commonly used IUDs among a large cohort of adolescents and women in the United States. Expulsions were increased among females aged 14 to 19 years, regardless of parity and IUD type. We did not observe any increased risk in expulsion among nulliparous participants. In fact, we found that nulliparity was associated with fewer expulsions among levonorgestrel IUD users, but not in copper IUD users. Unlike the Sivin 5 study, we found similar cumulative expulsion rates between the two types of IUDs. Our 36-month cumulative expulsion rate for the levonorgestrel IUD of 10.1 per 100 is similar to the rate reported in the Sivin 5 study. However, our 36-month cumulative expulsion rate for the copper T 380A of 10.7 per 100 is higher than the 7.1 reported for the copper T 380Ag. 5 When stratified by parity, our expulsion rate for parous copper IUD users was 8.2, similar to the rate published by Sivin et al. 5 Differences in our findings may be attributable to different study populations. The Sivin 5 study was a randomized controlled trial with selective inclusion criteria and included only parous women aged 18 to 35 years, whereas the CHOICE Project was a cohort study with minimal eligibility criteria that included more than 500 adolescents and more than 2,000 nulliparous women.
A previous study of two lower-dose levonorgestrel IUDs found a cumulative 3-year risk of expulsion of 3.6% to 4.6%, although the authors did not stratify by parity. 17 Although this percentage is lower than our reported rate, women younger than 18 years of age were not included and the IUDs were smaller than those included in our study. A recent retrospective cohort study published in Obstetrics & Gynecology found an expulsion rate of 6% over the course of 3 years. 18 This is lower than our rate, in part because this 6% does not incorporate time-to-event but rather is a direct proportion. The investigators also did not find a significantly higher rate of expulsion among women aged 14 to 19 years, but this may be attributable to their smaller sample of adolescents (n5249).
We were not surprised to observe a greater rate of expulsion after immediate postabortion IUD insertion because previous studies have demonstrated this increase in risk. 9 Despite this slight increase in the risk of expulsion, immediate postabortion IUD insertion has been shown to be cost-effective 19 and to decrease the risk of a subsequent unintended pregnancy. 20 Although the expulsion rates in our immediate postabortion group reflect females who had undergone first-trimester and second-trimester surgical abortion procedures, our 6-month rates are similar to the 6-month expulsion rates published by Bednarek et al 21 of 5.0% after immediate postabortion insertion and 2.7% after interval insertion.
The strengths of our study include its prospective cohort design, our large cohort of IUD users, and high retention among study participants. The 3-, 6-, 12-, 24-, and 36-month follow-up rates in the CHOICE Project were 98%, 97%, 95%, 86%, and 81% respectively. We captured data about expulsion at multiple contact points, including scheduled telephone surveys, unscheduled telephone calls to study staff, and visits to our research clinic.
One limitation of this study is that we relied on participant self-report to determine expulsion. Therefore, it is possible that we are underestimating the true incidence of expulsion if the participant did not recognize the expulsion or did not report it to the study staff. Another potential limitation is the lack of detail about partial compared with complete expulsions. If some clinicians performed routine ultrasound scans and considered an IUD positioned low in the uterus to be a "partial expulsion," this could have artificially elevated our expulsion rate. Finally, our findings may not be generalizable to other populations because the CHOICE Project was limited to a single geographical region. However, our cohort was racially and socioeconomically diverse, with a large number of nulliparous and adolescent and young women IUD users, and our findings likely are applicable to other urban populations.
The higher incidence of expulsion observed among females aged 14 to 19 years should not discourage health care providers from recommending IUDs for this population. The American College of Obstetricians and Gynecologists has recommended IUDs and implants as first-line contraceptive options for teenage girls. 22 There are few contraindications associated with IUDs, and in most situations the advantages outweigh the risks. 23 Furthermore, the observed risk of expulsion is lower than the risk of discontinuation with a shorter-acting method such as oral contraceptives or depo-medroxyprogesterone. 24 The higher risk of IUD expulsion in teenage girls should be included at the time of contraceptive counseling but should not restrict IUD use in this population.
